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INTRODUCTION 


The  effort  reported  herein  was  initiated  to  solve  two  problems. 

The  first  problem  was  the  absence  of  any  ultrasonic  test  standards  for 
depleted  uranium  barstock  purchased  for  the  CIWS  MK  149  penetrator. 

Such  ultrasonic  standards  are  required  if  the  material  is  to  be  tested 
in  accordance  with  Materials  Specification  XWS-16691^  for  depleted 
uranium  barstock  containing  two  percent  molybdenum.  To  solve  this 
problem,  a series  of  ultrasonic  test  standards  was  designed,  fabricated 
and  tested. 

The  second  problem  was  the  inspection  of  the  surface  and  near  sur- 
face region  of  the  barstock.  The  ultrasonic  procedure  developed  for 
testing  the  barstock  is  not  capable  of  detecting  surface  and  near  sur- 
face flaws^  which  is  the  most  critical  region.^  To  solve  this  problem, 
an  eddy  current  inspection  technique  was  developed,  and  a prototype 
inspection  system  was  demonstrated. 

The  presence  of  material  flaws  in  the  barstock  is  of  concern  since 
they  can  lead  to  stress  corrosion  cracking  and  degraded  ballistic  per- 
formance of  the  penetrator. 


ULTRASONIC  TEST  STANDARDS 

Materials  Specification  XWS-16691  states  that  the  Material  Sciences 
Branch  at  NAVSWC/Dahlgren  is  responsible  for  providing  ultrasonic  test 
standards  for  depleted  uranium  barstock  as  may  be  required  by  the  manu- 
facturer. The  specification  calls  out  a maximum  permissible  flaw  size 
of  .020  inches  (.SOSmm)  for  internal  defects. 

A set  of  ultrasonic  standards  has  been  fabricated  as  depicted  in 
Figure  1.  These  standards  consist  of  a series  of  holes  drilled  into 
ends  of  barstock  sections  to  represent  flaws  over  a range  of  depths 
beneath  the  outside  diameter.  This  series  of  holes  allows  for  the  cal- 
ibration of  the  ultrasonic  test  as  specified  in  XWS-16691  paragraph 
4. 4. 3.1. 

It  should  be  noted  that  the  barstock  utilized  for  fabricating  the 
standards  mentioned  above  represents  an  "as-extruded"  and  thus  worst 
case  condition  in  terms  of  surface  roughness  (250rms).  Such  roughness 
adversely  affects  the  performance  of  ultrasonic  testing.  Surface 
condition  requirements  are  not  quantitatively  addressed  in  XWS-16691. 
These  requirements  are  left  to  be  specified  in  the  procurement  contract 
along  with  precise  dimensional  tolerances.  Thus,  standards  used  to 
accept  or  reject  material  must  be  fabricated  from  barstock  which  is 
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1.  Ultrasonic  Test  Standards  for 
5"  Depleted  Uranium  Barstock 
(All  dimensions  in  inches) 


t t ' vf  0*  t tu‘  i oiut  i t I v'li  I’t  iiui  t iM- 1 ,1 1 for  t fir  ('art  irul.'i- 

urrmri't . Howomm',  in  Jrii'i'ii'.  t rat  itni  ttiat  s t anda tal-.  'ahri^  a ttvt  ' roi' 

''as-t'\ t riiJivI  I'arsti'i'k  will  woik.  it  i auti'rwi  t i ra  1 1 v a'.sui'oit  that 
similar  ■,taiutai\1s  ran  t'O  fat'Miatist  tor  lUn  snxiothor  rurfai.('  ki'nPition 
likolv  to  t'o  s('Oi,itioJ  in  ttio  ront'.Kt. 


I'lO  tt'stiiu)  of  t ht'  ultrasonii  rtatularJo.  war  lOiulurtisi  in  ai».or 
JaiKt'  with  tfio  ('roroJuro  s('tHititnl  in  \Ws- 1 1't-^tl  . 1 ho  only  J'l'oroiut' 

is  tti.it  ttu'  oiitpiit  was  '1  i s('l  av('i1  on  ttio  r.'ttu'dt'  rav  t ut'O  instoa.l  oi  on 
a stri('  rhart  roroi'itor. 

I'ltrasonu  A-Si.an  tisuos  ot  ttio  artifiiial  i.toti>rts  in  ttu-  as-i's- 
trikUsI"  roforonro  standards  a('t'oar  in  I iauros  1 tu>  larao  siipial 

on  ttio  loft  ri'prt'sont  s an  nltrasoniv  it'floition  t rom  ttio  noar  sur*ai.o 
of  tho  harstoik.  Itio  indiiation  fiirttu'st  to  ttio  rintit  is  ttu'  t'ai  k 
siirfaot'  ortio.  Irtioos  f rois  tt\o  siirulati'd  flaws  a('('oar  hotwot'n  ttio  iront 
and  t'ai  k surfai.o  induations.  Lu  ti  of  ttio  otfsot  holt's  vv.is  ttott'.  totl 
at  twi'  lit't'ths  witti  ttu'  ovti'i't  it'll  I'f  tu'lt'  "H''.  This  w.is  at  tomnl  i stii'il  t'v 
rotatiiiii  ttio  har  ISt"  st'  ttiat  tti.'  simul  ,it  t'tl  dt'ft'tt-.  woia'  ,it  ttio'>'  lu-ar- 
fst  .iiitl  itirttu".t  ('t'lnt'.  t rt'i"  ttio  i ns['t't' t U'li  t '•.iiirtiut  t'r  . tU'lo  I'  is 
t'oiit  t'a  1 t'tt  hv  ttio  fi't'iit  sur'att'  ro'lt'ttit'ii  wtu'ii  't  i-.  tlosi'st  tt'  ttio 
t ranstUit  t'O . t uiuro  d rt'i'rt".ont -•  .i  st't  t it"i  t'f  t'.irsti't  k ttiat  is  l rot' 
from  intornal  itofot  ts. 

‘itniro  sIk'W'.  ultr.isi'iiit  ri' t 1 t't  t i t'lis  *t'r:"  a siu't'tti’v  ma.t  ti  i I't't!  st'i 
fit'll  t'f  h.irstt't  k rout  a i 11  i lit)  no  flaws.  Ni'tt'  t 'io  Kirtit'  rt'lati\o  i'urt'tist' 
in  hat  kwa  1 1 t't  tM  am(' 1 i t inli'  in  t lit'  t ast'  t'f  .i  siiit'oth  siirfart'ti  (Icm's' 

S('t'r  iii’t'ii . stit'stir  f att'  f'Kiws  in  siuh  a sf't'o  imt'ii  wotiKI  t'O  mv'rt'  I'asilt 
dotot'totl  than  in  tho  "as-o\t  rndt'tl"  s('or  imons , 1 tio  artifitial  .’t'lt't'fs 

in  tho  ortriitit'tl  s['orimt'n  rot'i't'st'iit  ttio  lowor  lovt'l  t'f  tiot  t't' t .it' i 1 1 1 \ 
and  as  stith  mav  not  ht'  tlt'ft't  tat'l  o witli  loss  sonsitivo  u1  trast'n  u'  t'i;tii!' 
I'lt'nt.  ht'wt'vt'r,  wilt'll  ftio  I'arstt'tk  surfart'  is  siix'Otli,  .is  with  titiiin'  , 

tho  sitinal  tt'  noist'  rat  it'  is  tirt'iitlv  imt'i't'U'd  aiul  tit't ot  t i tin  i s I'n- 
haiit  t'd . 

litiiirt'  Id  idonti  til'd  a I'rohlom  with  tlii'  nltrasonio  t t't  tin  i t|ut'  in 
dotortiiui  flaws  noar  tho  harstook  surfato.  1 ho  samt'  smot'tli  sii'-’att'.i 
sam('lo  was  nsi'tl  as  in  timirt'  Itio  transtUttor  was  pos  i t ioiu'tl  di'-t-tth 
t'vor  a natiir.il  tlaw  tirotitor  ttian  .070"  whith  was  visihlo  Tri'i"  t lit'  s.;'- 
taro  (fititiro  IP.  Tho  flaw  diti  lU't  proiliirt'  a tl  i srornah  1 o I'th,'  In- 
stoati,  tho  h.ukwall  t'tho  di  s.ii'j'oarott  iiitiioat  iiui  ttiat  tho  sotnitf  was 
hoiiit)  ahsorhoti  t'\  tht'  tlaw.  Ki'tatiiiti  tho  h.irstotk  hv  l.'U"'  I'ro.iiit  od 
itiontiral  rt'sults.  I'lt'ai'U,  t'itlit'i'  flit'  I'arkwal  ' Ot  ht'  must  alst'  ht' 
mi'll  i to  ri'tl , wtiitti  is  not  r't'nt  it'iii'tl  in  \WS-ht''’l.  i"'  .in  ,i'tt'  ".itut'  ft'. 
niiiiit'  shi'ultl  ht'  iist'ti  ft'  It't.itt'  iit'ar  snr'att'  'l.iws. 
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llifuiili  I'flii  t Ilf  ifil',  .Hill  till'  .il.inii  lifiiiit  wfff  .i'.'.fiiil'lfil  in  f lif  l.it'- 
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t'lin.i  t.'if  l'.i''.t.'.k  iiiltiiii  t'lf  '.liiihtli  fvffsi.'fit  tf'.l  ifils.  Ihf  I'h.isf 
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Depleted  Uranium 


the  hofi .’ont.!  1 direction,  f ioure  Ih  stiows  the  CRT  indication  caused  by 
a .OrO"  deep  notch  nuuhined  into  the  bar  surface.  Notice  the  indication 
has  a vertical  component  in  both  the  up  and  the  down  directions  causing 
a 'Tigure  iV  type  of  indication.  This  is  caused  by  the  defect  passing 
from  one  coil  to  the  next.  The  indication  is  reversed  depending  on 
which  coil  cotitains  the  defect  at  a f'articular  instant,  figure  16  shows 
the  indication  caused  by  a naturally  occurring  defect.  This  is  the  same 
defect  which  was  not  detected  bv  the  ultrasonic  technique. 

An  alarm  circuit  was  connected  to  the  vertical  output  of  the  test 
instrument.  The  alarm  was  adjusted  so  that  when  the  vertical  component 
of  a flaw  indication  exceeded  a threshold,  audible  and  visible  alarms 
wi're  trigger't'd. 

The  testing  discussed  above  was  performed  at  a frequency  of  inkH.’. 
This  frequeru  y was  cliosen  because  it  i s h i oh  ('tiough  to  allow  for  good 
differentiation  between  barstoik  wobble  indications  and  defect  signals, 
and  vet  is  low  enough  to  provide  a respectable  eddy  current  penetration 
into  the  barstock.  At  lOkH.’,  the  skin  depth  in  uranium  is  .106  inches. 
This  means  that  the  electric  field  at  a depth  of  .106  inches  within 
the  barstocks  falls  off  to  .1?  or  (1/e’'  of  its  strength  at  the  barstock 
surface.  This  electric  field  diminishes  exponent ial 1 v and  approaches 
zeni  near  the  barstock  i enter.  Thus,  the  further  a defect  is  located 
beneath  the  surface,  the  larger  it  must  be  to  bo  dotoctod. 


INSPTCTION  RATfS  COSTS 

Ihe  maximum  speed  at  which  the  .b"  diameter  barstock  can  be  inspec- 
ted by  ultrasonics  will  in  all  practicality  be  limited  by  the  automatic 
handling  equipment  involved  as  well  as  the  barstock  straightness.  The 
maximum  ultr.isonic  test  s('eed  will  depend  on  the  rate  at  which  the  bar- 
stock  can  be  rotated  past  the  inspection  transducer.  Tor  example,  ro- 
tation at  TOO  rpm  would  yield  an  inspection  speed  of  lb  inches  per  min- 
ute allowing  lor  a bO  overlap  between  adjacent  passes  of  a .1"  wide 
ultrasonic  bi'.un.  When  rotating  barstock  at  such  s(ieeds,  the  straight- 
ness o1  the  material  bt'comes  critical.  Thus,  the  ultrasonic  inspection 
rate  could  well  bo  determined  by  the  straightness  of  tlie  barstock  material 
instead  of  the  capabilities  of  the  inspection  system. 

Iddv  current  testing  does  not  require  rotation  of  the  barstock, 
and  thus  the  speed  would  not  bo  governed  bv  the  limitations  of  a rota- 
tional handling  system.  I ddy  current  testing  has  been  deiixuist  rated  at 
a rate  equivalent  to  ?00  inclios  per  minute  with  the  test  hardware  des- 
cribed in  this  report.  This  was  accomf'l  i slu'd  bv  manual  insertion  of  the 
barstock  through  the  test  coil.  Inspecticni  speeds  in  excess  of  lOOO 
ituhes  per  minutt'  could  be  achieved  with  the  aid  of  a motori;ed  conveyor 


1-1 


to  feed  the  barstock  thcoinih  the  test  coil. 


To  produce  120  peiietrators  per  mimite  an  inspection  system  must  be 
capable  of  inspectimj  at  least  240  inches  per  minute.  A single  ultra- 
sonic test  system  will  iwst  likely  fall  far  short  of  this  rate.  The 
added  expense  of  parallel  inspection  stations  will  iixist  likely  be  re- 
quired for  ultrasonic  inspection. 

Ultrasonic  test  instrumentation,  excluding  the  handling  system,  is 
currently  available  for  less  than  $10,000.  The  cost  of  ultrasonic  hand- 
ling systems  currently  on  the  nwrket  is  about  $50,000  per  unit.  In  order 
to  meet  a production  rate  of  120  penetrators  per  minute,  a single  ul- 
trasonic handling  system  would  have  to  rotate  the  barstock  at  no  less 
than  4800  rpni.  this  is  assuming  that  a single  transducer  is  used.  Since 
this  rotational  speed  is  not  practical,  one  would  have  to  resort  to  mul- 
tiple inspection  units,  or  at  least,  multiple  inspection  stations  on  the 
same  unit.  The  number  of  stations  or  units  required  will  depend  on  the 
maximum  rate  of  rotation  which  depends  on  the  straightness  of  the  bar- 
stock. 

Cddy  current  instrumentation  can  also  be  purchased  for  less  than 
$10,000.  In  all  likelihood,  an  eddy  current  inspection  station  could 
be  set  up  on  the  same  handling  equipment  as  would  be  used  to  feed  the 
manufacturing  process.  Thus,  the  cost  of  a separate  handling  system 
for  eddy  current  testing  can  probably  be  avoided.  A single  autonwted 
inspection  system  could  also  keep  up  with  a production  rate  of  several 
hundred  penetrators  per  minute. 


4 


4 


K 


I 


i 

I 

f 


In 


1 


RECOMMENDATIONS 


Based  on  the  results  of  this  investigation,  it  is  recommended 

that; 

* Standards  for  nondestructive  testing  be  prepared  based  on 
configuration  and  surface  conditions  of  the  barstock  or  pene- 
trators  as  specified  in  the  contract. 

* Eddy  current  inspection  be  required  in  conjunction  with  ultra- 
sonic inspection  to  detect  both  surface  and  subsurface  defects. 

* Eddy  current  standards  be  prepared  and  made  available  to  penetra- 
tor  producers. 

* An  NDT  Systems  study  be  undertaken  to  define  systems  costs,  re- 
liability and  impact  on  systems  performance.  The  ultimate  goal 
should  be  aimed  at  defining  a system  that  provides  the  optimum 
inspection  capability  at  the  cheapest  unit  cost  of  the  finished 
machined  penetrator.  A major  portion  of  this  effort  should  be 
to  determine  which  size  defects  are  cause  for  rejection  based 
upon  stress  corrosion  cracking  and  ballistic  performance  re- 
quirements . 


CONCLUSIONS 


The  ultrasonic  test  standards  fabricated  from  "as-extruded"  bar- 
stock  demonstrate  that  similar  ultrasonic  standards  can  be  fabricated 
from  material  with  any  surface  condition  likely  to  be  encountered  (bet- 
ter than  250  rms). 

Complementary  eddy  current  testing  can  provide  a reliable  and  inex- 
pensive near  surface  testing  technique  and  can  be  applied  to  regions 
which  the  ultrasonic  technique  cannot  (i.e.,  surface  and  near  surface). 
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A '.inoli'  li)  t iMsi'tiu  i t i on  station  will  most  likely  not  be  able 
to  kt't'p  op  with  a bars  took  produot  ion  rate  of  ;?40  inches  per  minute, 
''tatioti-.  oi't'iatina  in  parallel  will  be  required. 
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